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 The Dahlander motor is a three-phase induction motor capable of operating 

at two distinct rotational speeds by altering the stator winding configuration 

between star (Y) and delta (Δ). This dual-speed feature is essential for 

industrial machines such as cranes, lathes, and conveyors that require 

variable speed operation. However, conventional manual control methods 

are still widely used, posing risks to operational efficiency and safety. This 

study presents the design and implementation of an automated control 

system for a 1.3 kW Dahlander motor using a Siemens S7-1200 

Programmable Logic Controller (PLC), a KTP 700 Comfort Human 

Machine Interface (HMI), and an Internet of Things (IoT) platform based on 

Node-RED. The system supports remote control via HMI panels, personal 

computers, and smartphones through a web-based interface using the 

Profinet protocol. The control logic is developed in the TIA Portal 

environment, enabling selection between low-speed and high-speed modes. 

Experimental results demonstrate that the system effectively controls motor 

speed with accurate and stable operation. The integration of HMI and IoT 

provides real-time remote monitoring and control capabilities, enhancing 

operational reliability and minimizing human error. This integrated system 

offers a cost-effective and adaptive solution for local industries, especially 

small and medium-sized enterprises, to embrace Industry 4.0 technologies. 
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1. INTRODUCTION  

Electric motors play an important role in supporting industrial automation systems due to their high 

efficiency and reliability in driving mechanical loads. One type of motor that is widely used in industry is the 

Dahlander motor, a three-phase induction motor with two-speed capability by changing the number of poles 

in the stator winding. This change is made by modifying the connection configuration between the star (Y) 

and delta (Δ) windings, resulting in a speed ratio of 2:1 [1]. This uniqueness makes the Dahlander motor 

ideal for applications such as lathes, cranes, and conveyors that require operation at two speeds. However, in 

many industrial installations, the operation of the Dahlander motor is still done manually using conventional 

switches or contactors [2]. This causes a number of problems, such as the high risk of human error, slow 

switching times, and the potential for mechanical failure or overheating due to untimely load shifting [3],[4]. 

Reliance on manual methods also reduces operational efficiency, especially in production scenarios that 

require dynamic response and real-time control [5] . 

In the context of the Industrial Revolution 4.0, various technologies such as Programmable Logic 

Controller (PLC), Human Machine Interface (HMI), and Internet of Things (IoT) have shown great potential 

in improving the performance of industrial control systems automatically, integrated, and based on data [6]-
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[8]. Previous studies have shown that PLC is very reliable in sequential control, while HMI is able to 

improve user interaction with the system visually and intuitively. IoT, on the other hand, enables flexible and 

real-time remote monitoring and control [9]. The application of the IoT architecture concept that includes the 

perception, transportation, application, and user layers has also proven effective in automatic monitoring and 

control systems in various fields, including smart agriculture [10]-[12]. 

This study proposes a Dahlander motor control system solution based on Siemens S7-1200 PLC 

integrated with Simatic KTP700 Comfort HMI and IoT interface using Node-RED. This system not only 

allows automatic switching between two motor speeds, but also provides real-time visualization of system 

status via HMI and remote control access via smartphone or computer via internet network. The system 

design is done using TIA Portal platform for PLC programming and HMI design, while Node-RED is used to 

build IoT interface connected to internal web server. The main innovation of this study is the development of 

an integrated control system based on PLC-HMI-IoT for Dahlander motor, which is still very rarely 

implemented locally, especially in small-medium industrial scale. This system comprehensively answers the 

challenges of efficiency, reliability, and flexibility of dual-speed motor control. In addition, this solution also 

encourages the adoption of more affordable and adaptive automation technology for domestic industry 

players, so as to strengthen competitiveness and technological independence in the digital era. 

 

2. METHOD  

This study designed a 2-speed control system for Dahlander motor rotation using HMI and IoT-

based PLC, which is basically a detailed and specific plan for controlling the Dahlander motor that can be 

controlled using an interface, with the aim of making it easier for users to control the Dahlander motor when 

it is operated. The design of this tool is carried out to create a fast and slow rotation control system that can 

be controlled directly using an HMI and IoT-based PLC. To facilitate the process of designing tools and 

analysis by making the block diagram as a reference for the work of the block diagram system of this tool 

which will be made as in Figure 1 below. 

 

 

 
 

Figure 1. System block diagram 

 

Based on Figure 1, it can be seen that the block diagram of the two-speed Dahlander motor control 

system using a PLC based on HMI and IoT illustrates the integration of hardware and software to control 

both high and low motor speeds. The SIMATIC S7-1200 PLC serves as the central unit for processing input-

output data as well as the main controller of the system [13]-[15]. System visualization and control can be 

carried out through two interfaces, namely the SIMATIC HMI and a smartphone connected via a web server, 

both interfaces function to display and send instructions to the PLC [16]-[18]. The system is programmed via 

a PC using the TIA Portal application. The Dahlander motor used is a three-phase induction motor with two 

speed levels that can be controlled through the PLC [19]. To activate or disconnect the motor circuit, 

contactors are used, which operate based on electromagnetic principles and are automatically controlled by 

the system. This study is implemented on a 1.3 kW Dahlander motor. The working principle of the Dahlander 

motor control system proposed in this study is explained in Figure 2 below. 
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Figrure 2. Flowchart system 

 

Figure 2 explains the working principle of the Dahlander motor speed control system that utilizes 

HMI-based PLC and IoT via a web server. This system allows control of two motor speed modes, slow 

(speed 1) and fast (speed 2) which are programmed via TIA Portal software for PLC and HMI, and Node-

RED for IoT implementation. The initial flowchart interface displays the main menu button as access to 

motor control. In the control display, the user can select speed 1 mode (slow rotation with Delta 

configuration) or speed 2 (fast rotation with Star configuration), and the motor will operate according to the 

selected mode until the stop button is pressed to stop the motor. 

 

 

3. RESULTS AND DISCUSSION  

The dahlander motor control system using PLC based on HMI and IoT in this study was tested 

through a trainer in the laboratory. To see the speed of the motor controlled via the HMI screen, PC Client 

and Smartphone were measured using a speed measuring instrument, namely a tachometer. The system test 

series can be seen in Figure 3 below. 
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Figure 3. Setup of the Dahlander motor control system using a PLC based on HMI and IoT 

Testing of the slow and fast rotation control system on the dahlander motor is done by changing the 

circuit shape on the contactor. To be able to run the motor at a slow rotation speed, the circuit shape used is a 

delta connection (Δ), while for a fast rotation speed, the circuit shape used is a star-star connection (YY). The 

first test was carried out at a slow rotation speed and the circuit shape used was a delta connection (Δ). The 

results of the 1 pat test are seen in Figure 4 below. 

 

  
(a) (b) 

  
(c) (d) 

 

Figure 4. Test 1 (a) HMI, (b) PC, (c) Smartphone, (d) Tachometer 

 

Based on Figure 4, the test results show that test 1 using the speed 1 indicator shows that the motor 

can be operated via the HMI screen, PC client and smartphone. Where by pressing the start speed 1 button on 

one of the interfaces, the motor will operate at slow speed and the motor running speed 1 indicator will 

appear on the HMI screen, meaning that the motor at speed 1 is operating, for the PC client and smartphone 

the speed 1 indicator will light up simultaneously, for this test the motor speed read through the tachometer is 

1497 rpm. Furthermore, the second test is carried out, namely for this control system, it is carried out at a fast 

rotation speed. In the fast rotation system, the form of the circuit used is a star-star (YY) connection which in 

the test uses the speed 2 indicator, the results of the second test can be seen in Figure 5 below. 

 

  
(a) (b) 

  

(c) (d) 

 

Figure 5. Test 2 (a) HMI, (b) PC, (c) Smartphone, (d) Tachometer 
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Based on Figure 5, it can be seen that the motor can be operated via the HMI screen, PC client and 

smartphone. For PC client and smartphone in the second test, both use node-red software. By pressing the 

start speed 2 button on one of the interfaces, the motor will operate at high speed and the motor running 

speed 2 indicator will appear on the HMI screen, meaning the motor at speed 2 is operating, for PC client and 

smartphone the speed 2 indicator will light up simultaneously, for this test the motor speed read by the 

tachometer is 2992 rpm. 

 

 

4. CONCLUSION  

This study successfully designed and implemented a two-speed control system for Dahlander motors 

based on Siemens S7-1200 PLC integrated with HMI interface (KTP700 Comfort) and IoT platform using 

Node-RED. The developed system is able to automatically control the motor in two speed modes of slow 

rotation with delta configuration (Δ) and fast rotation with star-star configuration (YY) through various 

interfaces such as HMI, PC, and smartphone. The test results show that the system can operate stably and 

accurately, with measured speeds of 1497 rpm for speed 1 and 2992 rpm for speed 2, respectively. The use of 

TIA Portal simplifies PLC programming and HMI design, while Node-RED provides flexibility in 

implementing web-based IoT interfaces. The integration of this automation technology not only improves 

system efficiency and reliability, but also enables real-time remote control, making it very suitable for 

application in small and medium industries in supporting the transformation towards Industry 4.0. 
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